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Abstract 

RNA polymerase (pol) III transcription is responsible for the transcription of small, untranslated RNAs involved in 
fundamental metabolic processes such mRNA processing (U6 snRNA) and translation (tRNAs). RNA pol III 
transcription contributes to the regulation of the biosynthetic capacity of a cell and a direct link exists between 
cancer cell proliferation and deregulation of RNA pol III transcription. Accurate transcription by RNA pol III requires 
TFIIIB, a known target of regulation by oncogenes and tumor suppressors. There have been significant advances in 
our understanding of how TFIIIB-mediated transcription is deregulated in a variety of cancers. Recently, BRF2, a 
component of TFIIIB required for gene external RNA pol III transcription, was identified as an oncogene in 
squamous cell carcinomas of the lung through integrative genomic analysis. In this review, we focus on recent 
advances demonstrating how BRF2-TFIIIB mediated transcription is regulated by tumor suppressors and oncogenes. 
Additionally, we present novel data further confirming the role of BRF2 as an oncogene, extracted from the 
Oncomine database, a cancer microarray database containing datasets derived from patient samples, providing 
evidence that BRF2 has the potential to be used as a biomarker for patients at risk for metastasis. This data further 
supports the idea that BRF2 may serve as a potential therapeutic target in a variety of cancers. 



Introduction 

Cancer is a major health problem afflicting millions of 
Americans annually and despite tremendous research 
and treatment advances, is still the leading cause of 
death amongst men and women younger than age 85 
years [1]. A dominant characteristic of many types of 
cancer cells is its ability to proliferate uncontrollably. 
RNA polymerase (pol) III contains the largest number 
of subunits (17 subunits) and is responsible for the tran- 
scription of small, less than 300 nucleotides, untrans- 
lated RNAs involved in fundamental metabolic 
processes, such as RNA processing (U6 snRNA) and 
translation (tRNAs), which contribute to cell prolifera- 
tion [2] . Thus, deregulation of RNA pol III transcription 
can lead to aberrant production of critical RNAs contri- 
buting to uncontrolled cell growth, a hallmark trait of 
many types of cancer. 

Like all eukaryotic polymerases, RNA pol III cannot 
recognize its target promoters directly and accurate 
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initiation requires TFIIIB [2-4]. In higher eukaryotes, 
thus far, two forms of TFIIIB have been identified [2-4]. 
BRF1 -TFIIIB required for transcription by gene internal 
RNA pol III promoters (tRNA) contains Bdpl, TBP and 
BRF1 (Figure 1). BRF2-TFIIIB required for transcription 
from RNA pol III gene external promoters contain 
Bdpl, TBP and BRF2 (Figure 1) [2]. Examples of genes 
transcribed by BRF2-TFIIIB include the human U6 
snRNA gene involved in RNA splicing, the 7SK gene 
whose RNA product has been demonstrated to nega- 
tively regulate RNA Pol II transcription elongation by 
binding to the elongation factor P-TEFb, the RNase 
mitochondrial RNA processing (MRP) which partici- 
pates in pre-rRNA processing, novel noncoding RNAs 
of unknown function (reviewed in [2,5]). 

BRF2 (TFIIB-related factor 2) shares structural fea- 
tures with TFIIB and BRF1 (Figure IB). TFIIB, BRF1 
and BRF2 all contain N-terminal zinc ribbon domains, 
core domains containing imperfect repeats; BRF1 and 
BRF2 have unrelated C-terminal extensions (Figure IB) 
[2]. The C-terminus of BRF2 is required for association 
with TBP and SNAPc (small nuclear activating protein 
complex) on the U6 promoter [6]. 



o 
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Figure 1 Gene internal and external TFIIIB. (A) Schematic of gene-internal TFIIIB (BRF1-TFIIIB) and gene-external human TFIIIB (BRF2-TFIIIB), 
note the difference in complexes is BRF1 and BRF2. (B) Schematic representation of TFIIB, BRF1 and BRF2 protein structures. Note the unrelated 
C-terminal extensions in the TFIIIB subunits BRF1 and BRF2. (Adapted from [2]). 



RNA pol III and cancer 

Many different transformed cell types have been shown 
to have increased products of RNA pol III, when trans- 
formed by DNA tumor viruses, as well as chemical car- 
cinogens [7-11] and their relevance has been validated 
in tumors of the breast, cervix, esophagus, lung, ovary, 
parotid, and tongue, but not in corresponding normal 
tissues tumors [12]. Specifically, RT-PCR analysis has 
demonstrated that tRNAs are overproduced consistently 
in human ovarian cancers [13]. Also, tRNA levels have 
been shown to be 10-fold higher in breast cancer cells 
than in normal cells [14]. These increases are not simply 
a consequence of rapid cell proliferation in cancer [15], 
but instead contribute to tumorigenesis, as it has been 
demonstrated that overexpression of tRNAi Met induces 
proliferation and immortalization of fibroblasts [16]. 

Activation of TFIIIB activity has been noted in a vari- 
ety of cancers types. Increased TBP expression has been 
observed in a clinically significant number of human 
colon cancers [17]. Also, overexpression of BRF1 has 
also been shown to transform mouse embryo fibroblasts 
[16]. Bdpl is overexpressed in cells transformed by 
papovaviruses [11], but changes in expression levels in 
specific human cancer types have not been determined. 



Amplification of BRF2 has been noted in breast cancer 
[18,19] and more recently a human bladder cancer cell 
line [20]. Recently, Lockwood et al. demonstrated that 
genetic activation of BRF2 represents a unique mechan- 
ism of squamous cell carcinoma tumorigenesis, also pro- 
viding the first clinical evidence implicating BRF2 as a 
novel lineage-specific oncogene in lung squamous cell 
carcinoma [20]. This review will focus on BRF2-TFIIIB 
activity in cancer. 

Regulation of BRF2-TFIIIB activity by oncogenes 
and tumor suppressors 

RNA pol III transcription is tightly regulated during the 
cell cycle to ensure normal cellular growth [21], Cellular 
levels of RNA pol III are specifically increased in tissues 
isolated from mice with myeloma compared to tumor- 
free mice [22], directly linking RNA pol III activity and 
cancer. Recently, it was demonstrated that BRF1 and 
TBP are capable of driving oncogenic transformation 
[16,23]. These observations demonstrate that elevation 
of RNA pol III transcription contributes to oncogenesis. 
TFIIIB activity is strictly regulated by Mafl [24-27], che- 
mopreventative agents [28], and oncogenes and tumor 
suppressors which are discussed below. 
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Figure 2 BRF2-TFIIIB is a target of regulation by tumor suppressors and oncogenic products. Depiction of tumor suppressor and 
oncogenic products involved in the regulation of BRF2-TFIIIB. The tumor suppressors, p53, RB and BRCA1 are depicted as red circles. The 
oncogenic kinase CK2 is depicted by a green box and functions in regulating BRF2-TFIIIB. The stress related protein Maf1 is depicted by a 
triangle and functions in inhibiting BRF2-TFIIIB. 



CK2 (casein kinase 2) is a ubiquitous and conserved 
protein kinase with growth-promoting and oncogenic 
properties. CK2 is abnormally active in a variety of 
human cancers (Figure 2) [29]. It has been demon- 
strated that CK2 interacts stably with TFIIIB; BRF1 is 
phosphorylated in cells and CK2 inhibitors can decrease 
this phosphorylation, thereby promoting transcription 
complex assembly [29]. 

TFIIIB activity is targeted by tumor suppressors 
[30-36] such as ARF [37], RB (Retinoblastoma protein) 
[30,38], p53 [39-43] and BRCA1 (breast cancer suscept- 
ibility gene 1) [44]. 

RB controls cell growth by preventing cell cycle entry 
in the absence of appropriate mitogenic signals and 
inactivation is associated with a variety of human can- 
cers [45]. RB regulates RNA pol III transcription by dis- 
rupting interactions between TFIIIB and RNA pol III 
[38,46-49] RB-mediated repression of U6 transcription 
can be restored by recombinant SNAPc and TBP [46]. 

p53 is activated in response to cellular stress, inducing 
cell cycle arrest or apoptosis, and its inactivation is con- 
sidered a critical step in carcinogenesis [50]. p53 
represses not only Alu and U6 transcription, but also 
tRNA, 5S rRNA, VAI, B2 and EBER (Epstein-Barr virus) 
transcription, establishing p53 as a general repressor of 
RNA pol III transcription [39]. p53 regulates U6 tran- 
scription through interaction with the BRF2-TFIIIB sub- 
unit TBP [41] and SNAPc [51]. 

BRCA1 plays a role in DNA repair, cell cycle regula- 
tion, apoptosis, genome integrity and ubiquitination 
[52,53]. Recently, BRCA1 has been characterized as a 
general repressor of RNA pol III transcription [44]. 
BRF2 overexpression alleviates BRCA1 mediated repres- 
sion of U6 transcription [44], suggesting that regulation 
of U6 transcription by BRCA1 occurs, in part, through 
BRF2. However, it is currently unclear whether the 
observed inhibition of RNA pol III transcription is a 



result of direct or indirect interactions between BRCA1 
and BRF2, or BRCA1 and TFIIIB in general. 

BRF2, a general oncogene? 

It is established that RNA pol III is often deregulated in 
cancers [33-35] and specific elevation of RNA pol III 
transcripts and RNA pol III transcription factors such as 
U6 snRNA and BRF2 is a feature of both transformed 
cells and cancers [54]. Recently, Lockwood et al identi- 
fied BRF2 as a novel oncogene in lung squamous cell 
carcinoma demonstrating that overexpression of BRF2 
can drive expression of RNA pol III transcripts contri- 
buting to squamous cell carcinoma tumorigenesis [20]. 
However, it cannot currently be ruled out that TFIIIB, 
particularly the BRF2 subunit, could bind and potentially 
titrate tumor suppressors, thus alleviating some key 
mechanisms normally keeping TFIIIB activity in check, 
contributing to oncogenesis. Additionally, no Brf2- 
dependent pol III transcript has yet been shown to have 
transforming activity. 

RNA pol III is a fundamental determinant of the capa- 
city of a cell to grow and the identification of BRF2 as 
an oncogene further demonstrates the importance of 
proper regulation of RNA pol III transcription. Hence, 
we queried the Oncomine database to systematically 
assess gene expression levels of BRF2 in a variety of car- 
cinomas. Oncomine is a bioinformatics initiative which 
collects, standardizes, analyzes, and delivers cancer tran- 
scriptome data to the biomedical research community 
[55]. Rhodes et al. analysis of cancer transcriptome data 
has identified the genes, pathways, and networks deregu- 
lated across 18,000 cancer gene expression microarrays 
spanning 35 cancer types (for a comprehensive overview 
of the Oncomine database refer to [55]). Differential 
expression analysis is an important feature of the Onco- 
mine resource. A unique feature of the Oncomine data- 
base is Oncomine automatically computes differential 



Cabarcas and Schramm Molecular Cancer 201 1, 10:47 
http://www.molecular-cancer.eom/content/1 0/1 /47 



Page 4 of 1 0 



Disease Summary for BRF2 



Threshold (Gene Rank) : 



Top 10% Threshold (Fold Change) 



Threshold (P-value) : 



Data Type: 



-in j T.pf by C outer 






CanqtTvs Cancer 








inter V±it,fit AnaJy; 








Cancer 
t*Stlin* 

oniyj 


fath'A-ar and D 






Qui Her 


i 






i: 
- 


at 
13 


t 
■' 




<x 

■J: 
I 


il 

3 1 


PI 


& ^ 
OS 


Hi 


isi 
III 


t 




6 


E 


E 

a 

5 

1 

3 
C 

£ 


SUtfdtr can cec 


































































L 




Bfa.n and CHS Cancer 






































































BrBAil Canter 






























































Ce*!C4J Cancer 












































































































































EMph*ge*l Canter 






































































GtsUtc Canc«r 


D 


































































Ht*0 ir.d tittV Cin-ccr 






































































KJ0n*v Canter 


































































: 




L*uh«mia. 




































































imrCuvcir 










: 


■ 






















































Lung Canter 


































































Lymphoma. 
































































i 




MM ianflnia 






































































































































i 




CXfttr Canter 






































































Owlin Cwcir 


































































L 




PancreUic Cancer 






































































Piwsnie Can at 




































































5arcflHU 
































































1 




Signifkarl Unique Ana type ? 




■i 










L 












i 






































« 1 


Tocal iJrrque An&lyMI 






373 


143 


??7 


22 


121 


?oz 


104 


i 


■ 


i 


s 


7 


65 


7B 


203 | 201 







5 lO 25 25 10 



□ Not measured 



Figure 3 Oncomine Analysis: Disease Summary for BRF2. The Oncomine database was queried for BRF2 expression in the available datasets 
based on the following: cancer type, cancer versus normal, cancer versus cancer, cancer subtype, cancer versus baseline, pathway and drug and 
outlier analyses. The 'red cells' represents BRF2 overexpression and the 'blue cells' represent BRF2 underexpression. The levels of expression are 
based on the gene rank percentile. This disease summary was performed using a criterion of a 2 fold change for BRF2 expression and a p-value 
of 1E-4. Using these stringent criteria for BRF2 expression analysis, we found that BRF2 is highly overexpressed in the following cancer vs normal 
datasets: gastric, kidney and melanoma cancers. In the cancer vs cancer, multi-cancer datasets, BRF2 is overexpressed in leukemias and 
lymphomas. The outlier analysis, which is used to determine significant BRF2 expression in a subset of the patient samples, showed that BRF2 is 
both over- and under-expressed across the analyzed cancers. (Oncomine database). 



expression profiles for cancer types and subtypes allow- 
ing for simple query for individual gene expression. 

Thus, using the Oncomine database, we performed a 
disease summary for BRF2 (Figure 3) to determine if 
BRF2 overexpression was significant in various carcino- 
mas. Based on this analysis, we determined that in stu- 
dies comparing cancer versus normal tissue, BRF2 is 
highly overexpressed in datasets focused on gastric, kid- 
ney and melanoma cancers. Please note that sample 
number for each data set used in our BRF2 analysis is 
noted, and data sets are named for author whose data 
set has been analyzed. In Figure 3, overexpression 
represented by 'red cells' and under expression repre- 
sented by 'blue cells' is determined based on the gene 
rank percentile. The outlier analysis, as demonstrated 
in Figure 3, suggests that there are 50 analyses which 
have a significant increase in BRF2 expression and 45 
analyses which have a significant decrease in BRF2 



expression. The outlier analyses represents a small sub- 
population of samples within the datasets, hence, they 
do not reflect the majority of samples. We speculate 
that out of the 478 unique analyses, the 45 analyses 
which have a significant decrease of BRF2 expression 
demonstrates that BRF2 overexpression may not be uni- 
versal to all cancer patients. The Oncomine database is 
a compilation of gene expression studies performed 
from clinically-based analyses performed on patient 
samples. The 4 analyses which are significant out of 162 
that are significant include gastric, kidney and mela- 
noma cancer datasets (Figure 3). This criterion for this 
specific BRF2 disease summary performed was stringent 
as we required a p-value of 1E-4 and a fold-change of 2 
for BRF2 gene expression compared to the controls. 
Hence, we believe that due to the stringency of our cri- 
terion, only 4 analyses showed a significant increase in 
BRF2 expression. 
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Figure 4 Oncomine analysis of BRF2 expression in gastric, kidney, melanoma and lung cancers. As seen in Figure 3, BRF2 is significantly 
overexpressed in gastric, kidney and melanoma cancer datasets within the Oncomine datasets. We further queried Oncomine for each of these 
specific cancers to compare the fold change of BRF2 expression in the cancerous tissue compared to the controls for each specific cancer. All p- 
values represent a student's t-test. Figure 4A shows that BRF2 is overexpressed in cutaneous melanomas compared to normal skin in the 
Talantov Melanoma dataset [58]. BRF2 overexpression is significant with a p-value of 1.15E-15 and a total of 70 patient samples used for this 
analysis. Figure 4B shows that BRF2 is overexpressed in clear cell renal carcinoma compared to normal kidney in the Gumz Renal dataset [59]. 
BRF2 overexpression is significant with a p-value of 7.64E-5 and a total of 20 patient samples were used for this analysis. Figure 4C shows that 
BRF2 is overexpressed in diffuse gastric adenocarcinoma versus normal gastric mucosa in the DErrico Gastric dataset [60]. BRF2 overexpression is 
significant with a p-value of 5.35E-5 and a total of 69 patient samples were used for this analysis. Lastly, Figure 4D shows that BRF2 is 
overexpressed in advance N1+ stage lung adenocarcinoma compared to NO stage in the Garber Lung Adenocarcinoma dataset [61]. BRF2 
overexpression is significant with a p-value of 0.023 and a total of 73 patient samples were analyzed. (Oncomine database). 



We further queried the analyses which had a signifi- 
cant increase in BRF2 expression and as demonstrated 
in Figure 4A, the Talantov Melanoma dataset, com- 
prised of 70 patient samples shows a statistically signifi- 
cant overexpression of BRF2 mRNA, p-value = 1.15E- 
15, in cutaneous melanoma compared to normal skin. 
Figure 4B shows a statistically significant overexpression 
of BRF2 mRNA, p-value = 7.64E-5, in clear renal cell 
carcinoma compared to normal kidney in the Gumz 
Renal dataset, comprised of 20 patient samples. Lastly, 
Figure 4C shows a statistically significant overexpression 



of BRF2 mRNA, p-value = 5.35E-5, in the DErrico Gas- 
tric diffuse gastric adenocarcinoma compared to gastric 
mucosa dataset, comprised of 69 patient samples. Addi- 
tionally, Lockwood et al have recently identified BRF2 as 
an oncogene in lung squamous cell carcinoma [20]. To 
determine if there was a correlation with BRF2 overex- 
pression and lung carcinoma, we analyzed the Garber 
Lung dataset, comprised of 73 patient samples, Figure 
4D. The data retrieved from the Garber Lung study 
shows a correlation between BRF2 overexpression and 
an advanced N stage, Nl, in lung carcinoma samples. 
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Figure 5 Oncomine analysis of BRF2 expression in leukemia and lymphoma. As demonstrated in Figure 3, BRF2 is overexpressed in both 
leukemia and lymphoma, cancer vs cancer datasets. We further queried the Oncomine database to analyze BRF2 expression in both leukemia 
and lymphoma. Figure 5A represents an analysis performed across 22 leukemia analyses found within Oncomine. The p-value, 0.028, represents a 
student's t-test measuring BRF2 overexpression in cancerous tissues, and the red represents significant overexpression. This analysis shows that 
BRF2 is significantly overexpressed across leukemia. The table states the datasets analyzed and the number of patient samples used in each 
study. Figure 5B represents an analysis performed across 4 lymphoma analyses found within Oncomine. The p-value, 0.01 1, represents a student's 
t-test measuring BRF2 overexpression in cancerous tissue and the red represents significant overexpression. This analysis shows that BRF2 is 
significantly overexpressed across lymphoma. The table states the datasets used for analysis and the number of patient samples used in each 
study. (Oncomine database). 



All statistical values relative to these analyses were cal- 
culated as previously described [55]. 

Further query of the information presented in the 
BRF2 disease summary demonstrated that in analyses 
comparing multi-cancers, "cancer versus cancer", BRF2 
is overexpressed in both leukemia and lymphoma as 
well. In the case of BRF2 expression in leukemia, we 
searched various leukemia datasets and found that 
across 22 analyses, BRF2 was significantly overexpressed, 
Figure 5A, p-value = 0.028. In the case of BRF2 expres- 
sion in lymphoma, we found that across 4 analyses, 
BRF2 was significantly overexpressed, Figure 5B, p-value 
= 0.011. 

Interestingly, analysis of the BRF2 disease summary 
shows that BRF2 is highly expressed on the basis of out- 
lier gene expression using a method called COPA (can- 
cer outlier profile analysis). COPA was previously 
described and utilized to identify oncogenic chromoso- 
mal aberrations such as the TMPRSS2:ETS fusion gene 



in prostate cancer by Tomlins et al [56]. Based on the 
BRF2 disease summary, we focused on breast carcinoma 
as this was most significant. Analysis of the 95% outlier 
across 17 breast carcinoma analyses (Figure 6) shows 
that BRF2 is highly overexpressed. This demonstrates 
that in 5% of the samples analyzed in these specific stu- 
dies, BRF2 overexpression is significant in a small sub- 
population of samples. 

Lastly, we investigated if there was a correlation 
between BRF2 overexpression and clinical outcome. 
Using breast carcinoma studies, we performed a meta- 
analysis across 10 different breast carcinoma datasets 
studying recurrence, metastasis and death, Figure 7A. 
We determined that BRF2 overexpression did indeed 
correlate with clinical outcome. Figure 7B represents 
one dataset analyzed in Figure 7A, the vandeVijver 
breast carcinoma study, and shows that BRF2 overex- 
pression is highly significant in patients presenting with 
metastasis at year 1, p-value = 0.034, and at year 5, 
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COPA Analysis of Brf2 Across 17 Analyses of Breast Carcinoma 
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Hess Breast, J Clin Oncol, 2006 
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ivshina Breast, Cancer Res, 2006 

9. Outlier 95th% 

Loi Breast, J Clin Oncol, 2001 



10. Outlier 95th% 

Loi Breast 3, BMC Genomics, 2008 
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Lu Breast, Breast Cancer Res Treat, 2003 
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Ma Breast 3, Cancer Cell, 2004 
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Pawitan Breast, Breast Cancer Res, 2005 
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Schmidt Breast, Cancer Res, 2003 
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vandeVijver Breast, N EngtJ Med, 2002 
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analyses. The COPA score for a gene is its COPA score for the median- 
ranked analysis. 
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Figure 6 Oncomine analysis of BRF2 expression in breast carcinoma using COPA. As seen in Figure 3, BRF2 was overexpressed in a total of 
50 analyses using an outlier analysis. COPA (cancer outlier profile analysis) analyzes a small subpopulation of samples which represent outliers 
within the datasets for significant expression and does not represent the majority of samples. We investigated BRF2 expression in several breast 
carcinoma studies based on the high number of analyses BRF2 was overexpressed in using COPA (Figure 3). Based on the COPA method, BRF2 
is highly overexpressed across 17 breast carcinoma analyses in a subset of the patient samples used for each respective analysis. The red 
represents significant overexpression. The datasets used for this analysis and the number of patient samples used in each individual study are 
shown as well. (Oncomine database). 



p-value = 0.006. This data set is extremely significant at 
it shows promise for the potential use of BRF2 as a 
potential biomarker for patients at risk for metastasis 
and may serve as a potential therapeutic target. 

Recently, RNA pol III transcription has been the focus 
of a Phase I and pharmacokinetic study. Hammond- 
Thelin et al. studied the effects of a novel nucleoside 
analog inhibitor (T AS- 106) of RNA pol I, II and III, in 
patients with advanced solid malignancies [57]. Pre- 
viously, TAS-106 has demonstrated antitumor activity in 
various human cancer models including leukemic, lung, 
colorectal, stomach, pancreatic, and gastric cancers [57]. 
The principal objectives of the study were to determine 
the maximum tolerated dose in patients, characterize 
the toxicities associated with TAS-106 administration, 
determine the pharmacokinetics of TAS-106 and study 
if there was any indication of antitumor activity in 



patients [57]. Although this study is in its infancy, it's 
representative of the potential use of RNA pol III inhibi- 
tors as a means of pharmacological target for the treat- 
ment of cancers. 

Conclusions 

By elucidating the mechanism(s) by which RNA pol III 
transcription is both regulated and deregulated, it will be 
possible to further understand the mechanism(s) by 
which aberrant activity of the general transcription 
machinery contributes to cancer development. Deregula- 
tion of RNA pol III transcription in cancers coupled with 
the observation that TFIIIB, specifically BRF2-TFIIIB, is 
commonly a target of deregulation in a variety of cancers 
demonstrates that RNA pol III transcription is indeed a 
key player in tumorigenesis and could serve as a novel 
target in the development of pharmacological agents. 
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2. Ductal Breast Carcinoma Epithelia - Dead at 5 Years 
Boersma Breast, int J Cancer, 2003 

3. Ductal Breast Carcinoma Stroma - Dead at 5 Years 
Boersma Breast, int J Cancer, 2003 

4. Breast Carcinoma - Recurrence at 5 Years 
Desmedt Breast, Clin Cancer Res, 2007 

5. Invasive Lobular Breast Carcinoma - Recurrence at 3 Years 
Desmedt Breast, Clin Cancer Res, 2001 
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6. Invasive Lobular Breast Carcinoma - Recurrence at 5 Years 
Desmedt Breast, Clin Cancer Res, 2007 

7. Breast Carcinoma - Metastatic Event at 1 Year 
vande Viper Breast, N En$ U 2002 

8. Breast Carcinoma - Metastatic Event at 5 Years 
vandeVijver Breast, N Engl J Med, 2002 

9. Breast Carcinoma - Recurrence at 1 Year 
vandeVijver Breast, N Engl J Med, 2002 

10. Breast Carcinoma - Recurrence at 5 Years 
vandeVijver Breast, N Engl J Med, 2002 
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No Metastatic Event 5 Yr Metastatic Event 5 Yr 




p-value=0.034 



p-value=0.006 



Figure 7 Oncomine analysis: BRF2 overexpression and clinical outcome. To determine if BRF2 overexpression correlated with patient 
outcome in the clinic, we performed further analysis using Oncomine datasets focused on breast carcinoma studies analyzing patient death, 
recurrence and metastasis. Figure 7 A shows that BRF2 is overexpressed across 10 breast carcinoma analyses which focused on patient recurrence 
at 3 and 5 years; metastasis at 1 and 5 years; and patient death at 3 and 5 years. The p-value, 0.034, represents a student's t-test measuring BRF2 
overexpression in the analyzed datasets and the red represents significant overexpression of BRF2. Overall, there is a correlation with BRF2 
overexpression and death, recurrence and metastasis in patients diagnosed with breast carcinoma. The datasets used for this analysis and the 
number of patient samples used in each individual study are shown as well. To further analyze BRF2 overexpression and the correlation with 
metastasis, we used the vandeVijver breast carcinoma study, (295 patient samples analyzed). Figure 7B demonstrates that in patients presenting 
with metastasis at 1 and 5 years, there is significant overexpression of BRF2, p-value 0.034 and 0.006 respectively, in comparison to patients with 
no metastasis. (Oncomine database). 
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